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Abstract 
The aim of this paper is to determine and compare the risk handling methods resulting from alterations to Project Documentation. The 
presented compilations constitute a practical model of selecting the strategy of risk handling and facilitating the choice of the most 
suitable strategy in a particular project. The analysis was conducted on the basis of two projects within a range of environmental 
engineering – construction of sewage systems and a sewage treatment plant. The methodology of research was based on expert technique. 
From the point of finding usefulness, the most valuable information was gained from documentation reviews. The Records of Necessity 
were the fundamental, analysed documents which allow to determine the real view of alterations Project Documentation. 
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1. Introduction  
Constructions within the range of environmental engineering, such as sewage systems or sewage treatment plants consist 
of correlated processes of a technical, financial, legal and organizational character. Such Construction Projects are long-
lasting undertakings. They begin with the formulation of an idea and basic assumptions for the project. It finishes with the 
final commissioning and certification for use. During the whole project cycle, circumstances hindering the construction 
according to the intended budget and schedule may occur [1], [2], [3-4]. Alterations to Project Documentation rate as such 
circumstances. The research conducted to date indicated that during construction there is a real chance that alterations to 
Project Documentation may occur. Moreover, their impact is severe for all involved Parties [5]. According to Polish law the 
Investor bears responsibility for proper preparation of the Project Documentation [6]. It is their duty to prepare and conduct 
the investment projects in such a manner as to reduce the risk level, sources of which are alterations to Project 
Documentation. With a view to achieving this, a risk management plan is required to be drawn up and implemented. This 
plan should consist of identification of risk sources, risk qualification and quantification, planning the risk handing method, 
as well as risk monitoring and control [7-8]. Planning the risk handing method is based on approval of solutions which 
enable to a reduction to the level of risk, or prevent it from happening. On account of this purpose, risk handling is one of 
the most essential stages of the risk management process. The aim of this paper is to determine and compare the method of 
handling the risk resulting from alterations to Project Documentation. The analysis was conducted on the basis of two 
projects within a range of environmental engineering. 
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2. Subjects of research study 
The research was carried out on projects related to environmental engineering. Both constructions were located in 
Poland, in Lower Silesia. 
Investment no.1 involved the construction of 161 km of sewage systems along with 64 sewage pumping stations [9]. The 
Project Documentation was prepared in the period from 2000 to 2003. The work began in October 2005 and finished at the 
end of 2008. The Accepted Contract Amount came to ca 40 000 000 PLN. 
Investment no. 2 involved the extension and modernization of a sewage treatment plant [10]. Building work included a 
conversion of the old technological installation and the construction of new ones. It was not only connected with sewage 
treatment, but modernization also included sludge management, as well as biogas management. The documentation was 
designed in 2006. The construction began in 2009 and lasted 3 years.  The Accepted Contract Amount was ca 280 000 000 
PLN.  
3. Methods of research study 
The method of research was mostly based on expert technique. The data obtained was based on the following: 
• documentation reviews 
• interviews with construction parties  
• direct observation during construction 
The Records of Necessity were analysed as a part of the documentation reviews. The purpose of these documents is to 
substantiate all alterations to Project Documentation which occur during construction. The real view of such alterations is 
given - their reason, financial and time consequences and actions undertaken. For these reasons The Records of Necessity 
constituted a valuable source of information. In order to complete the compiled data, building diaries and correspondence 
within the projects were also reviewed. 
4. The identification and qualification of risk events 
Alterations to Project Documentation may result from the Project participants’ activities [11], [3-4]. It could be the fault 
of the designer who implemented flawed technical or technological solutions, or the investor who wanted to apply solutions 
other than the ones assumed in the original documentation. Conditions regardless of Project participants might also occur. 
For instance, the necessity of adjustment of designed solutions to meet changing legal requirements. Irrespective of source, 
the alterations cause a need to change Project Documentation. 
        Table 1. Events which generate alterations to Project Documentation 
Category Description of category 
The number of events 
Investment no.1 Investment no.2 
 The clash with the existing infrastructure. 1 3 
 
Outdated design solutions - technical and technological progress, changing investor’s 
needs. 
11 5 
 Unserviceable or uneconomic design solutions. 24 21 
 Flawed design solutions. 5 27 
 Faults of output data - geodetic base, maps etc. 2 2 
 Underestimation of the amount of work. 48 17 
 Failure to adjust solutions to legal requirements. 0 4 
 The ground water and weather conditions. 1 2 
Total 92 81 
The percentage share of financial effect of alterations to project documentation 14% 40% 
 
The new design solutions contribute to the execution of some elements, or the whole object in a technology or method 
different to the one originally assumed. As result of this Replacement Work is implemented. Another case of Project 
interference is Additional Work. It involves an extension of contract scope or at least an increase in the amount of work. 
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Exceeding of measured quantity of an item is the third instance of alteration. Modifications to the construction bill of 
quantities have to be done in such an instance. 
The conducted research, as described above, enabled us to determine events which contributed to alterations to Project 
Documentation. In the case of Investment no.1 there were 92 such events. 81 alterations to Project Documentation were 
identified in the second instance. Considering the causes, they were classified into 8 categories. These are presented in 
Table 1. 
The findings shows that the risk of changes in the design in environmental engineering investment is high, which is 
evidenced by the large number of events that led to changes. In the case of the investments in question there were 173 
alterations all together. The impact of changes in the cost is also significant. In the first example, changes increased the 
Accepted Contract Amount by 14%. In the second instant, it was as much as 40%. Due to all the above-mentioned, in case 
of such investments, it is necessary to adopt the methods of risk handing, while still in the planning phase. 
5. Risk handling methods 
The methods of risk handling include: risk avoidance, risk transference, risk mitigation and risk acceptance. Avoiding 
risk is to eliminate threats by removing their causes. Risk transference involves the transfer of responsibility for risk and its 
consequences to other participants of the investment process. In case of the investor, the contractor is the subject to which 
risk can be transferred. Risk mitigation includes activities aimed at: reducing probability of threat, alleviating its impact, or 
doing both of these actions simultaneously.  
Table 2. Methods of risk handling relating to alterations to Project Documentation in environmental engineering projects 
Method Stage  Phase Description of activities 
Active risk 
acceptance. 
PLANNING 
Predicting 
Adopting a contingency amount - the amount of money that the Investor should set 
aside aiming to secure the completion of the project or adopting the contingency 
period - permissible project completion time. 
Adoption of reserves gives makes it possible to cover unexpected costs necessary 
to complete the project. Spare time secures critical deadlines, for instance, from 
the requirements under co-financing units. 
Risk avoidance, 
risk 
transference. 
Assumptions 
Executing the project under the conditions of contract based on FIDIC 
procedure - Yellow Books. 
According to this model, the Contractor, based on the requirements of the 
Investor, designs and executes the work. This method involves the transfer of 
responsibility for flawed design documentation to the Contractor. 
Risk 
transference. 
Insurance policy. 
Insurance provides a source of paying unexpected costs. Only a few events related 
to the design documentation may be covered by an insurance policy. 
Risk mitigation. 
CONTRACTIN
G OF WORK 
Preparation of 
tender documents 
Introducing regulations in the contract specifying, in detail, the designer 
responsible for potential defects in documentation. 
These regulations shall include: the response time of the author’s supervision to 
reported flawed documentation and the amount of recourse for compensation. 
Having such a legal instrument, in the case of flawed documentation the Investor 
may require: complimentary removal of defects in a given period, as well as 
covering unexpected costs of Additional or Replacement Work. 
Restrictive contractual regulations motivate the designer to ensure the high quality 
of the project. 
Tender 
Detailed verification of competency of persons entitled to design. 
Introducing criteria for assessing the quality of design solutions (in addition to the 
criterion of the lowest price) to tendering procedure. 
EXECUTION 
OF WORK 
Preparation for 
construction 
Reviewing project documentation together with an inventory of the building site by 
an independent group of experts. 
An analysis of project documentation conducted by the Contractor before or in the 
early stages of construction. 
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Risk acceptance consists of adopting any consequences of risk by the investor, the contractor or the user of the 
constructed object. There are two types of risk acceptance – passive and active. Passive acceptance involves being resigned 
to the occurrence and consequences of adverse events. It assumes acceptance of risk without taking any action. In contrast, 
active acceptance consists in coping with consequences of risk through the implementation of contingency plans when the 
risk is becoming a reality. 
The characteristics of action responding to risk handling described therein are presented in Table 2. 
The appropriate methods of project risk handling have to be selected within a risk management plan. A number of factors 
decide this. Table 2 indicates that the selection of the method depends on the stage of the investment process. In the 
planning stage it can be active risk acceptance, transference or avoidance. The strategy of risk mitigation is appropriate in 
later stages, i.e. contracting or execution of work. Handling defective project documentation should, in this case, consist of 
reducing the probability of threat, as well as alleviating its impact. Mitigation of risk, which is the dominant strategy in 
environmental engineering investments, includes activities such as: tightening of the criteria for selecting the designer, 
specifying contractual regulations, comprehensive analysis of the documentation both by an independent group of experts 
and the contractor before or in the early stages of construction. 
The applicability of different strategies in different cases of risk-generating events was analyzed in the work. For this 
purpose, a risk response matrix was drawn up. It is depicted in Table 3. 
The seven manners of response to project risk are collated at the top of the matrix (peak) as outlined in Table 3. The '+' 
symbol placed at the intersection of the columns and rows responding to relevant methods, means that they could be used 
simultaneously. The synergistic effect of reducing probability or impact of a risk event is then possible to achieve. The '-' 
symbol at the intersections means that the simultaneous application of methods is impossible for formal reasons or 
unreasonable in terms of finance. 
In the lower part of the matrix, in the lines following, categories of risk events that have been identified in the analysed 
projects were placed. In particular cells at the intersection of the columns (the method of responding to the risks) and lines 
(the event category), the following were entered: 
1 – if the method could be applied to reduce the probability of the event or its consequences; 
0 – if the application of the method would not affect either the probability or the consequences of an event. 
The advantages and disadvantages of questioned handling of risk methods can be considered on the basis of the compiled 
matrix. 
The findings in Table 3 indicate that the best collateral against impact alterations to Project Documentation is to adopt 
contingency amount and period. However, it should be a considered that the level of such a reserve is difficult to estimate 
(Rybka 2012). Furthermore, not always does the Investor have the possibility of providing funds for this purpose. 
Next in order of application in risk management plan the following should be considered: 
• detailed reviewing of technical, technological, material, and organizational solutions assumed in Project Documentation 
by independent experts; 
• Project Documentation analysis done by the Contractor prior to beginning the work or in its early stages. Such activities 
enable quick diagnoses of defects and consequently alleviation of alterations’ results in both aspects: time and financial; 
• application of conditions of contract based on FIDIC procedure – Yellow Books. 
6. Conclusions 
There is a high risk of alterations to Project Documentation within the range of environmental engineering, including the 
construction of sewage systems or sewage treatment plants. The analysis showed that in both investments there were a total 
of 173 design changes. Alterations affect the increase in the construction cost in both cases. Detailed analysis of the sources 
of these alterations enabled their classification into 8 categories. This demonstrates the need for the preparation of project 
risk management plans. The choice of risk handling method constitutes an important part of these plans. It is rather 
impossible to consider all the methods presented in the article in a risk management plan. Formal, time and financial reasons 
have an effect on this. Therefore it is necessary to choose such activities which, under particular circumstances, would be 
the most effective. 
The conducted analysis outlines that, while selecting the method, the moment of taking appropriate action should be 
taken into consideration. Studies have demonstrated that most of the actions should be taken in the early stages of a project. 
In the first place, a financial reserve to cover any losses arising from alterations to Project Documentation should be 
provided. However, this is not the most desirable action in terms of effective risk management. Subsequently, actions 
related to the mitigation of risk should be taken. These include: instant diagnosis of flaws as a result of a detailed 
examination of project documentation by independent experts, and a review of project documentation by the contractor 
before construction or in its early phase. 
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The application of contract conditions based on FIDIC procedures – the Yellow Book is an alternative. At the same time, 
the adoption of this method precludes the use of the majority of the strategies presented. 
The compilations presented in this paper could constitute a practical model of selecting the strategy of risk handling and 
facilitating the choice of the most suitable strategy in the case of a particular project. The conducted analysis is based on 
data obtained from merely two projects. In order to better identify the risks related to alterations to Project Documentation 
in project concerning environmental engineering further studies are necessary.  
        Table 3. The risk response matrix related to alterations to Project Documentations in environmental engineering project. 
R
IS
K
 H
A
N
D
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G
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T
H
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D
S
 
 Adopting the contingency amount or/and period.        
 
Executing the project under the condition of contract based on FIDIC 
procedure - Yellow Books. 
+       
 Insuring against design flaws. +       
 Introducing appropriate regulations in the contract. + + +     
 Detailed verification of competency of persons entitled to design. +  + +    
 Review project documentation together with an inventory of building site. + + + + +   
 Analysis of project documentation conducted by the contractor. +  + + + +  
        
R
IS
K
 E
V
E
N
T
S
 
 Clash with the existing infrastructure. 1 0 0 0 0 1 1 
 
Outdated design solutions - technical and technological progress, changing 
investor’s needs. 
1 1 0 1 1 1 1 
 Unserviceable or uneconomic design solutions. 1 1 0 1 1 1 1 
 Flawed design solutions. 1 1 1 1 1 1 1 
 Faults of output data - geodetic base, maps etc. 1 1 0 0 0 0 0 
 Underestimation of the amount of work. 1 1 0 0 0 1 1 
 Failure to adjust solutions to legal requirements. 1 0 0 1 1 1 1 
 The ground water and weather conditions. 1 0 0 0 0 0 0 
Total 8 5 1 4 4 6 6 
957 Iwona Rybka and Elżbieta Bondar-Nowakowska /  Procedia Engineering  57 ( 2013 )  952 – 957 
 
Acknowledgements 
 
The research is co-financed by the European Union as part of the European Social Fund. 
References 
[1] Bondar-Nowakowska, E., Rybka, I., 2011. Weather conditions as a risk factor in sewage system constructions, Infrastructure and Ecology of Rural 
Areas 12, pp. 39-48. 
[2] Bondar-Nowakowska, E., Rybka, I., 2010. Źródła ryzyka w realizacji oczyszczalni ścieków i kanalizacji, Infrastruktura i Ekologia Terenów Wiejskich 
8(1), pp. 117-125.  
[3] Rybka, I., 2012a. “The identification of risk event with regard to the example of construction of sewage treatment plant”, the 14th International 
Conference of postgraduate students JUNIORSTAV 2012, p. 401. 
[4] Rybka, I., 2012b. Wpływ zmian w dokumentacji projektowej na koszt i czas robót budowlanych, Interdyscyplinarne Zagadnienia w Inżynierii i 
Ochronie Środowiska, Oficyna Wydawnicza Politechniki Wrocławskiej, pp. 435-442 (in Polish). 
[5] Bondar-Nowakowska, E., Rybka I., 2012. Zmiany w dokumentacji projektowej a ryzyko inwestora, Archiwum Instytutu Inżynierii Lądowej, pp. 305-
310 (in Polish). 
[6] Act of 7 July 1994 Building Law (Dz. U. 1994 Nr 89 poz. 414). 
[7] Pritchard, C. L., 2001. Zarządzanie ryzykiem w projektach, Teoria i praktyka, Wig-Press, p. 346.  
[8] Bondar-Nowakowska, E., Rybka I., 2010. Zastosowanie macierzy reagowania na ryzyko w projektach systemów kanalizacyjnych, Infrastruktura i 
Ekologia Terenów Wiejskich 13, pp. 145-155 (in Polish). 
[9] Project Documentation under the Contract for the Works no. 2000/PL/16/P/PE/022-02 - Budowa sieci kanalizacyjnej w gminach: Lubsza, Oława i 
Olszanka.  
[10] Project Documentation under the Contract for the Works no. Z1 - Docelowy system oczyszczania - Rozbudowa i modernizacja Wrocławskiej 
Oczyszczalni Ścieków w ramach projektu Poprawa gospodarki wodno-ściekowej we Wrocławiu - Etap II. 
[11] Chong, Y. Y., Brown, E. M., 2001. Zarządzanie ryzykiem projektu, Oficyna Ekonomiczna, p. 287. 
